The observation that the fetus and newborn has a greater ability to survive an asphyctic insult than the adult stems from old age. Likewise, the fact that an individual can withstand a period of asphyxia but survive with a permanent brain damage is thoroughly documented. In an attempt to evaluate the role of a few specified factors in the causation of the insult to the brain a series of experiments were conducted on the fetal lamb [2, 6] . In these experiments it was demonstrated that hypoxia altered the electrical activity of the .brain, äs measured by the somato-sensory evoked EEG responses (SER). SER was affected both in shape and in amplitude when arterial P Oa was reduced below 20 mm Hg and was completely abolished at very low P 02 levels (10-12 mm Hg). Hypoxia also induced a cerebral vasodilatation and a reduction of the cerebral oxygen consumption. The combination of hypoxia and acidosis elicited the same tesponses but at higher arterial oxygen tensions. Although the cerebral blood flow rose to mäximum values, the oxygen consumption of the brain was markedly reduced during the combination of acidosis and hypoxia. Thus, this combination resulted in a significant diminution of the extraction of the oxygen available in the blood. It was speculated that this effect on oxygen extraction was due either to an impaired microcirculation or to a primary effect on the brain cells. The present series of experiments was undertaken to elucidate the possible importance of rheological factors in the asphyctic Situation. The study was designed to see whether an improvement of the rheological characteristics of the blood, by decreasing the viscosity and the hematocrit, would increase the ability of the brain to withstand hypoxia in general, and in particular, would restore the capacity to extract oxygen from the blood during hypoxia at low pH levels. This problem has both a theoretical and a practical-clinical interest since the demonstration of an impaired microcirculation in the brain during asphyxia would imply that treatment of rheological factors could be rewarding.
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l Methods
The experiments were conducted on 17 ewes of mixed breed with 25 fetuses. Their gestational age ranged from 105 to 145 days (term 145-150 days). The gestation was dated in 15 ewes and was estimated from fetal weight and crown-rump length in two ewes using Standard curves [5] . Food was restricted 24 hours prior to the experiment, water ad libitum. The anesthesia was induced with pentothal (5%, 0.1 ml/kg) and was maintained with chloralose (25 mg/ml, 1.4 ml/kg) givcn intravenously. The ewes were tracheotomized and ventilated with known gas mixtures, using an open circuit respirator. Maternal blood pressure and maternal arterial blood gases were recorded through a catheter in the medial plantar artery of one foreleg. The uterus was exposed through a paramedian abdominal incision and stitched to the abdominal wall. The uterus was opened and the fetus delivered onto a heated small table. Gare was taken not to disturb the umbilical circulation. Fetal arterial blood pressure and heart rate were recorded from a catheter in the right brachial artery by a STATHAM P23 AC-pressure transducer. Arterial blood samples were taken from the same catheter. Blood samples representative of cerebral venous blood were taken through an ind wellin g catheter in the sagittal sinus. A catheter was placed in the superior thyroid artery with its tip just inside the common carotid artery. Through this catheter 133 Xe in saline was injected for the determination of cerebral blood flow. The decay of activity was measured with a scintillation detector placed over the fetal head on the same side äs the injection with the collimator at the midpoint between the external auditory meatus and the sagittal sinus. The decay curve was recorded on a potentiometer writer. The curve was later analyzed graphically and separated into a slow and a fast component. The fast component was taken to represent gray matter blood flow [7] . Evoked EEG responses were recorded from the surface of the intact scalp. Cup electrodes were fixed over the part corresponding to the suprasylvian gyrus, with the indifferent «lectrode fixed at the posterior part of the fetal head. The EEG was monitored on a GRASS polygraph model 7B. The data were also stored on a tape recorder. A mechanical tap on the muzzle close to the nostril on one side was used äs the tactile Stimulus. The response obtained was thus a somato-sensory evoked EEG response -SER.
The basic components of SER are the primary positive deflection P t and the secondary response N r In more mature fetuses some later components followed. The changes of SER during the experiments were divided in six grades (Fig. 1 ). Grade 0: normal response. Grade 1: First distinct changes in form of amplitude reduction of at least 30% of one of the basic deflections (Pj-Nj) and/or distinct reduction of the late components. Grade 2: P x and N! äs in l, plus the complete loss of the late components. Grade 3: Decrease of P l or N x to less than 50% of the original amplitude. Grade 4: Beginning of the breakdown of the whole response. This period lasts usually only l-3 minutes and is followed by grade 5: No response at all. Grade 2 depends on fetal maturity and the character of the response and is therefore not always demonstrable. The ewes (and thereby the fetuses) were exposed to alternate periods of normoxia and hypoxia. Blood gas tensions and pH were immediately measured on a Radiometer pHM 27 using Standard PQ ? and Pco 2 electrodes. Oxygen Saturation (Sao 2 ) was measured on a filter photometer. The oxygen content was calculated from the Saturation value and the hemoglobin concentration, assuming that l g Hb maximally binds 1.34 ml O 2 . The oxygen consumption of the brain was calculated from the blood flow and the a-v O 2 -difference. The viscosity and the hematocrit values of the fetus were decreased by partly substituting the blood volume with three different fluids, performed äs an isovolemic exchange transfusion with 10-40 ml/kg body weight. In six experiments the blood was substituted with 6% Dextran (Macrodex®, PHARMACIA Ltd., Sweden; molecular weight 70.000, viscosity: 2.81 cP), in five experiments with 4% Ficoll® (PHARMACIA Ltd., Sweden; molecular weight 80.000, viscosity: 1.03 cP). Ficoll® is a polymer of sucrose and epichlorohydrin. In five experiments the viscosity was aitered with Haemaccel®, a polymer of gelatine peptides (HOECHST Ltd, West Gerrnany; molecular weight 35.000, viscosity: 1.29 cP). The hematocrit value was determined after each exchange transfusion.
In somc experiments the viscosity and the hematocrit were increased during the experiments via an exchangc transfusion with packed red cells collected from the fetus at an early stagc of the experiment (scven cases) or from a twin fetus (one experiment). The viscosity was determined with the OSWALD Viscometer. Only one type of plasma substitute was used in each experiment. A more detailed account of the experimental procedures is given in [2, 6] .
Results
Three different variables were used to assess the cerebral function, namely the cerebral blood flow (CBF), the cerebral oxygen consumption and the somato-sensory evoked EEG responses (SER). Each of these three variables was treated äs the dependent variable and a multiple regression analysis was performed against the other two variables and blood gas values, hematocrit and viscosity äs the independent variables. The correlation matrix for the complete set of 79 observations is given in Tab. I, where only those correlations are included which proved statistically significant (P < 0.05). In this table, viscosity is not included, since only 49 such observations were performed. However, when these 49 complete sets of observations were separately investigated a very strong correlation was apparent between the hematocrit and the viscosity (r = 0.83) and, moreover, the correlation matrix gave in every instance the same correlations äs in Tab. I, although in some cases with somewhat lower correlation coefficients.
Viscosity in itself apparently did not contribute any extra Information not contained in the hematocrit value. Therefore the further analysis of the data is based on the 79 complete sets of observations and using hematocrit instead of viscosity äs one independent variable. No systematic differences were observed when the three different groups of experiments (exchange transfusion against the three different kinds of plasma expander) were compared in terms of the reactions of CBF, oxygen consumption of the brain or SER to hemodilution or to hypoxia.
Cerebral blood flow
A statistically significant correlation was observed between the CBF and the hematocrit (Tab. I). The correlation is displayed in Fig. 2 . It should be noted that this figure contains all CBF-values, both at normal blood gas tensions and during hypoxia, hypercapnia and acidosis. The figure thus gives the ränge of Variation of CBF at different levels of hematocrit. The graph suggests a non-linear relationship with a moderate effect of hematocrit alterations above the 30-35 per cent level and a more pronounced increase of CBF when the hematocrit is reduced below this level. CBF also demonstrated a significant correlation to the degree of hypoxia, whether expressed äs Sa a or Pa 02 . A significant negative correlation was further found with the oxygen extraction Tab. I. Correlation matrix for 79 observations. Correlation coefficients between the following variables: CBF -cerebral blood flow in ml/min 100 g, pH, Hct -hematocrit in per cent, Sao 2 -oxygen Saturation in per cent, a-v O 2 difference -oxygen extraction in ml/100 ml, Vo 2 -oyxgen consumption in ml/min 100 g, Pao 2 -partial pressure of oxygen in mm Hg, and SER -somato-sensory evoked responses in arbitrary units. (cerebral a-v O 2 -difference). No statistically significant correlation was found with either pH or cerebral oxygen consumption.
To reveal a possible change of correlation between CBF and the other variables during hypoxia the material was split into two groups: "normoxia" (Sa Oa > 45 per cent, 59 observations) and "hypoxia" (Sa Ü2 < 45 per cent, 20 observations) (Tab. II).
In the "normoxic" groüp the CBF gave exactly the same relations with the independent variables äs in the total material. In the "hypoxic" group, however, no significant correlation between CBF and the oxygen extraction was obtained, while, instead, CBF was significäntly correlated to the cerebral oxygen consumption.
Cerebral oxygen consumption
Neither hematocrit nor viscosity showed any correlation to the cerebral oxygen consumption. The strongest correlations were found between cerebral oxygen consumption and Sa O2
Tab. II. Correlation matrix at "normoxia" (Sao., > 45 per cent), and at "hypoxia" (Sao 2 < 45 per cent). The same variables and abbreviations are used äs in Tab. I. and oxygen extraction. When the material was subdivided into a "normoxic" and a "Hypoxie" group no alterations occurred in these relations. As mentioned above, a statistically significant correlation between oxygen consumption and CBF became apparent in the "hypoxic" group, but was not seen in the whole material. The oxygen extraction (a-v O 2 difference) was significantly correlated both to pH and to oxygen Saturation (Tab. I). When the material was subdivided, multiple regression analysis showed no improvement of the residual variance when pH was added to the regression of oxygen extraction on Sa o in the normoxic group. In contrast, such an improvement was seen in the hypoxic group.
Somato-sensory evoked EEG-responses
The correlation matrix and the multiple regression analysis failed to demonstrate any influences on the SER by a change in hematocrit or viscosity either at normal oxygenation or during hypoxia. However, in some experiments where a marked reduction of the hetnatocrit was induced the SER demonstrated the same type of response s during hypoxia (see Fig. 3 ). The SER deteriorated both with falling Sa Oa or Pa Oa values and low pH levels (Tab. I). When CONTRALAT.
IPSILAT.
CONTRALAT.
IPSILAT. the material was subdivided it became apparent that the SER was strongly correlated to the degree of hypoxia both in the "normoxic" and the "hypoxic" group, while the correlation between a deterioration of the SER and a low pH value was obvious only in the "hypoxic" group. Thus the SER became more seriously affected by the combination of hypoxia and acidosis than by hypoxia itself. An example of this type of relation is given in Fig. 4 .
Discussion
The present study was prompted by findings in the exteriorized fetal lamb that the combination of hypoxia and acidosis impaired the cerebral functions in terms of electrical activity and oxygen consumption more seriously than hypoxia alone [2, 6] . Since these findings could be explained by a reduction of the oxygen extraction from the blood it was considered relevant to evaluate the possibility that microcirculatory and rheological factors contributed to the deleterious eftect of combined hypoxia and acidosis. In vitro studies have established that the viscosity increases out of proportion in comparison with the hematocrit when the blood is severely acidotic [1] . Thus, reduction of blood viscosity might increase the resistance towards asphyxia. The use of a macromolecular electrolyte solution for the prevention of brain damage during ischemia has been suggested previously by VALLI [8] and subjected to experimental trial. However, the present results fail to demonstrate any beneficial effect on the cerebral tolerance to asphyxia of the reduction of viscosity or hematocrit. The series of experiments was started by using a 6% Dextran solution to dilute the blood. Two other types of plasma expanders were later added to the study for two reasons. Firstly, the Dextran solution has a comparatively high intrinsic viscosity (2.81 cP compared to 1.60 cP for plasma) and plasma expanders with an intrinsic viscosity close to that of plasma should be tested. Secondly, we wanted to exclude possible species specific sensitivity reactions to the plasma substitute by testing diflferent substances. Hemodilution is associated with a gradual increase of the cerebral blood flow in adult dogs [3, 4] . The same relationship was now obtained also in the fetal lamb both at ordinary levels of arterial oxygenation and during hypoxia (Tab. I, Fig. 2) . However, the blood flow augtnentation was not large enough to compensate for the loss of oxygen capacity implying that the oxygen extraction was not facilitated. Instead, a marked hemodilution at times caused the same effect on the SER äs a moderate hypoxia (Fig. 3) . It is evident that both the cerebral oxygen consumption and the SER must be affected at extreme degrees of hemodilution. Most of the observations in the present series, however, fall in the hematocrit Intervall of 30-50 per cent, which may explain why no statistically significant correlation was obtained.
A multiple regression analysis failed to demonstrate any further correlations than those apparent from Tab. I. When, however, the "normoxic" and "hypoxic" groups were separately investigated some items of interest became apparent. Duririg normoxia the GBF showed a significant negative correlation with the a-v oxygen extraction over the brain but was uncorrelated to the cerebral oxygen consumption. In contrast to these findings no statistically significant correlation was found between GBF and oxygen extraction during hypoxia while a relation instead existed between the oxygen consumption and the blood flow. Thus, at normal levels of oxygenation the cerebral oxygen consumption is maintained during low blood flows by an increased extraction of oxygen. During hypoxia no such reciprocity between GBF and oxygen extraction exists and the oxygen consumption falls at lower blood flows. The influence of pH on cerebral function was modified by the degree of oxygenation. In the total group statistically significant covariation was found between arterial pH and oxygen extraction, oxygen consumption of the brain äs well äs SER changes (Tab. I). In the normoxic group, however, no statistically significant correlation was found between pH and SER. Moreover in the hypoxic group, multiple regression analysis demonstrated a significant reduction of the residual variance when oxygen extraction was correlated to arterial pH and oxygen Saturation in combination compared to when correlated to Saturation alone. Thus, the same impairment of oxygen extraction by the brain during the combination of hypoxia and acidosis is demonstrated äs in the previous studies [2, 6] , and this impairment was not relieved by decreasing the blood viscosity.
Summary
In previous experiments performed on fetal lambs it was demonstrated that hypoxia affects ,the sömato-sensory evoked EEG responses (SER) of the brain, reduces the cerebral oxygen consumption and induces a cerebral. vasodilatation. The combination of hypoxia and acidosis results in the same type of alterations but at higher arterial oxygen tensions. The common denominator for the serious effects of hypoxia in combination with acidosis appeared to be a significantly diminished oxygen extraction. Both from a theoretical and a practical viewpoint it seemed relevant to evaluate the importance of rheological factors in this connection. The purpose of this investigation was thus to study whether a decrease Of the viscosity and hematocrit of the blood would increase the ability of the fetal brain to withstand a period of hypoxia, and, in particular, to restore the capacity of the brain to extract oxygen during hypoxia at low pH levels. The material consisted of 17 ewes with 25 fetuses. The ewes were anesthetized and ventilated with known gas mixtures. Periods of normoxia and hypoxia were alternated by changing the concentrations of oxygen from 30 to 10-15 per cent. Each period of hypoxia had a duration of 20 minutes. The fetus was delivered through an abdominal incision, leaving the circulation through the umbilical cord intact, äs far äs possible. Blood samples representative of cerebral venous blood were taken from a catheter in the superior sagittal sinus. Arterial blood samples were drawn from the right brachial artery. Blood gas tensions and pH were measured anaerobically and oxygen Saturation, viscosity and hematocrit were determined separately. Cerebral blood flow (CBF) was estimated using the clearance curves from 133 Xe injected intra-arterially. SER were recorded from the intact fetal scalp using a mechanical tap on the nostril region äs a tactile Stimulus. SER were obtained after averaging 15-20 responses with Computer technique. The oxygen consumption of the brain was calculated from the CBF value and the a-v difference for oxygen content. The viscosity and the hematocrit of the fetus were altered by exchanging fetal blood with 6% Dextran® (viscosity 2.81 cP), 4% Ficoll® (viscosity 1.03cP), 3.5% Haemaccel® (viscosity 1.29 cP) or packed fetal red cells. Alternate periods of normoxia and hypoxia were performed at different degrees of hemodilution. A strong correlation was found between hematocrit and viscosity. When these two variables were tested separately against the other variables (CBF, SER, cerebral oxygen consumption, and the different blobd gases) the sarrje correlations were found. Since more determinations of the hematocrit were available, viscosity was left out of the further analysis. In Tab. I a correlation matrix is given for the variables studied. A significant correlation was obtained between CBF and hematocrit so that the CBF increased at low hematocrit values (Fig. 2) . In the ränge of hematocrit studied no statistically significant correlation was obtained either between hematocrit and cerebral oxygen consumption or hematocrit and SER either at high or low levels of oxygenation. Thus the augmentation of CBF during hemodilution was not large enough to compensate for the loss of oxygen capacity. The facllitation of oxygen extraction during asphyxia aimed at by reducing hematocrit and viscosity was thus not achieved. Multiple regression analysis demonstrated a correlation between SER and pH during hypoxia but not at normal levels of oxygenation. It was further demonstrated that an inverse relationship existed between CBF and the oxygen extraction at normal levels of oxygenation but not during hypoxia. It is concluded that the oxygen consumption of the brain is maintained at a stable level during normoxia because of a reciprocity between CBF and oxygen extraction but that hypoxia makes the oxygen consumption directly dependent on the CBF. When acidosis is superimposed on hypoxia the cerebral function further deteriorates äs demonstrated by impairment of SER and the oxygen extraction (Figs. 3-4) . This impairment cannot be restored by affecting rheological factors such äs hematocrit or viscosity.
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Zusammenfassung

Reaktionen des Zentralnervensystems auf intrauterine Asphyxie beim Schaf -III. Über den Einfluß von Veränderungen des Hämatokrits und der Blutviskosität
Frühere Experimente am Schafs-Feten haben gezeigt, daß eine Hypoxie die somato-sensorisch auslösbaren EEGVeränderungen (SER) des Gehirns beeinflußt, den zerebralen Sauerstoffverbrauch verringert und eine Gefäß-erweiterung im ZNS hervorruft. Die. Kombination von Hypoxie und Azidose führt zu gleichartigen Verände-rungen, jedoch bereits bei höheren .arteriellen* Sauerstoff-· Spannungen. Mots-cles: Acidose, debit sanguin, cerveau (foetal), hematocrite, oxygene (consommation), potentiels evoques, viscosite.
